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http://dx.doi.org/10.1016/j.pedneo.2
1875-9572/Copyright ª 2015, TaiwanBackground: Colonoscopy of the lower gastrointestinal tract has diagnostic and therapeutic
value. This retrospective study aimed to investigate the indications, complications, and diag-
nostic yield of diagnostic colonoscopy among Taiwanese children.
Methods: The application of colonoscopy performed on children aged < 18 years between 1998
and 2010 in a referral tertiary center in Southern Taiwan was reviewed. Data on age, gender,
indications, complications, and colonoscopic and final diagnoses were collected and analyzed.
Results: One hundred and ninety-two children with 201 colonoscopies and 27 sigmoidoscopies
were enrolled. The rate of successful ileocecal approach was 77.5%. The most common indica-
tion was lower gastrointestinal bleeding (LGIB; 53.5%), followed by chronic abdominal pain
(20.6%), iron deficiency anemia (IDA; 11.8%), and chronic diarrhea (11.4%). There were 144 pa-
tients (75%) with a conclusive diagnosis in their first colonoscopy, including nonspecific colitis
(23.4%), polyp (20.4%), and inflammatory bowel disease (8.3%). The diagnostic yields of colo-
noscopy according to the major indications were 77.3% in LGIB, 68.1% in chronic abdominal
pain, 66.7% in IDA, and 79.2% in chronic diarrhea. Among the patients with LGIB, juvenile polyp
(26.4%) was the most common etiology. There were no major procedure-related complications.
Conclusion: LGIB is the most common indication for pediatric colonoscopy. Pediatric colonos-
copy is most effective in diagnosing pediatric LGIB and chronic diarrhea.
Copyright ª 2015, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Pediatric fiber optic colonoscopy was introduced in the
1970s. Since then, improvements in fiber optic and videoof Pediatrics, National Cheng Ku
u.edu.tw (Y.-J. Yang).
015.01.005
Pediatric Association. Published btechnology, conscious sedation, and physicians’ experience
have led to the establishment of colonoscopy as a proce-
dure for the diagnosis, evaluation, and management of
lower gastrointestinal tract disorders in children.1e4ng University and Hospital, 138 Sheng Li Road, Tainan 704, Taiwan.
y Elsevier Taiwan LLC. All rights reserved.
Diagnostic pediatric colonoscopy 335Colonoscopy is technically more challenging than esoph-
agogastroduodenoscopy, especially in pediatric patients,
due to their poor compliance and cooperation.5 The
development of pediatric colonoscopy in Taiwan began in
the late 1970s, and both diagnostic and therapeutic colo-
noscopies are now widely performed by most pediatric
gastroenterologists.
Despite the generally increased use of colonoscopy in
pediatric patients, careful selection of the indications for
colonoscopy in these patients can still achieve higher diag-
nostic yields and prevent complications. The most common
indications are unexplained iron deficiency anemia (IDA),
lower gastrointestinal bleeding (LGIB), and diarrhea.6
However, the diagnostic yield varies depending on the indi-
cation, with unexplained diarrhea and blood in the stools
having the highest diagnostic yield (91e97%).7,8 Therapeutic
colonoscopy is most frequently applied in children for pol-
ypectomy and for bleeding,9,10 with successful resection
rates exceeding 96% for polypectomy.2,11,12
With the rapidly increasing number of colorectal polyps,
polypectomy has also become the most common endo-
scopic procedure in adults. Although the potential for ma-
lignant change of colorectal polyps in children is rare,
symptomatic colorectal polyps are not uncommon, espe-
cially in those with LGIB.13e15 However, available data
regarding the prevalence, clinical features, and signifi-
cance of colonoscopy in the evaluation of colorectal polyps
in children remain limited. This retrospective study aimed
to investigate the indications, complications, and diag-
nostic yield of pediatric colonoscopy, and the prevalence
and clinical characteristics of colorectal polyps in children.
2. Methods
2.1. Participants enrolled, data collected, and
definitions
The application of diagnostic colonoscopy in consecutive
children aged < 18 years between 1998 and 2010 at Na-
tional Cheng Kung University Hospital, a tertiary referral
center in Southern Taiwan, was reviewed. Data were
collected from the hospital’s electronic database system.
Demographic data, indications for colonoscopy, final diag-
nosis, and complications were recorded and analyzed. A
positive diagnostic yield was defined as colonoscopic and/
or histologic findings leading to a conclusive diagnosis that
corresponded with the symptoms. Nonspecific colitis was
defined as colonoscopic features showing erosive or
erythematous mucosal lesions combined with lymphocytic
infiltration in histologic examinations. Major complications
were defined as complications related to the procedure
that led to prolonged admission, morbidity, or mortality.
The hospital’s Ethical Committee approved the study
protocol.
2.2. Colonoscopy preparation and procedure
Each patient had a bowel preparation of low residue diet
for 2 days prior to examination, followed by either oral
castor oil (dosage: > 2 years, 5e15 mL; < 2 years, 1e5 mL),
and suppository bisacodyl (dosage: > 10 years, 10 mg; < 10years, 5 mg) on the night before the examination, or oral
sodium phosphate (dosage: > 12 years, 20e45 mL; 10e11
years, 10e20 mL; 5e9 years, 5e10 mL) with liquid in the
night and on the day before the examination.16 Bowel-
cleansing enemas were also performed on the day of the
examination. Intravenous or intramuscular meperidine
(dosage: 2 mg/kg, maximum 50 mg) and hyoscine butyl
bromide (0.5 mg/kg, maximum 20 mg) were given 30 mi-
nutes prior to the examination. Patients who were not
cooperative or tolerant during the examination received
conscious sedation with intravenous midazolam (single dose
0.2 mg/kg) and propofol (single dose 2.5 mg/kg for induc-
tion of anesthesia, with a bolus dose of 5e10 mg if
needed).17,18 Under conscious sedation, the patients were
given oxygen supplementation via nasal cannula and
monitored by pulse oximetry.
All of the colonoscopy procedures were performed by a
single pediatric gastrointestinal endoscopist using an
Olympus PCF-240L colonoscope (Olympus Corporation,
Tokyo, Japan). In neonates or young infants, the Olympus
GIF-Q230 gastroscope (Olympus Corporation, Tokyo, Japan)
was used instead of a colonoscope. The examinations were
performed in the left lateral position. The position of the
patient was changed and manual compression of the
abdomen was performed when there was difficulty in
advancing the colonoscope. If a colorectal polyp was found,
it was removed using the forceps or by polypectomy, and
the specimen was sent for histologic studies.
3. Results
3.1. Demographic data and indications for
examination
One hundred and ninety-two children with 201 colonos-
copies and 27 rectosigmoidoscopies were enrolled. There
were 81 girls and 111 boys, with a mean age of 7.7  5.4
years (range, from 15 days to 18 years). Two or more
sequential endoscopies were performed in 22 (11.5%) pa-
tients (Table 1), and 65% of the procedures involved
conscious sedation. There were no major procedure-
related complications in any of the patients. In the first
colonoscopies of 169 patients, the cecum was successfully
reached in 131 (77.5%) cases, while the terminal ileum was
reached in 92 (54.4%) (Table 1). The most common indica-
tion for colonoscopy or sigmoidoscopy was LGIB (53.5%),
followed by chronic abdominal pain (20.6%), IDA (11.8%),
and chronic diarrhea (11.4%) (Table 2).
3.2. Conclusive diagnosis and diagnostic yield
Conclusive diagnosis relied on endoscopic imaging and/or
histology and 144 patients (75%) had a conclusive diagnosis
on their first examination, while 48 had negative findings.
The most common conclusive diagnosis was nonspecific
colitis (23.4%), followed by colorectal polyp (20.4%),
lymphoid hyperplasia (6.3%), Crohn’s disease (4.7%), ul-
cerative colitis (3.6%), and cow’s milk protein allergy
(3.6%).
The diagnostic yield was 77.3% in 110 patients with LGIB
and colorectal polyp (26.4%) was the most commonly
Table 1 Demographic data of the patients undergoing
colonoscopy.
Patient no. (%)
Total numbers 228 (100)
Colonoscopy 201 (88.2)
Rectosigmoidoscopy 27 (11.8)
Sex
Female:male 105 (46.1):123 (53.9)
Age (y)
0e3 56 (24.6)
3e7 55 (24.1)
7e12 66 (28.9)
12e18 51 (22.4)
Examination times
1 192 (84.2)
2 22 (9.7)
3 7 (3.1)
4 6 (2.6)
5 1 (0.4)
Depth (the 1st colonoscopy, n Z 169)*
Terminal ileum 92 (54.4)
Cecum 39 (23.1)
Colon 30 (17.8)
Rectum 8 (4.7)
* The number of the first colonoscopies excluded 23 first
rectosigmoidoscopies.
Table 2 Indications for colonoscopy or sigmoidoscopy and the
Indications Patient no. (%)*
Lower gastrointestinal bleeding 122 (53.5)
Chronic abdominal pain 47 (20.6)
Iron deficiency anemia 27 (11.8)
Chronic diarrhea 26 (11.4)
Body weight loss 6 (2.6)
Recurrent intussusception 4 (1.8)
Follow-up treatment response 15 (6.6)
Others 10 (4.4)
* Some patients had two or more symptoms or signs.
y Anal fissure, angiodysplasia, cytomegalovirus (CMV) colitis, eosinop
z Eosinophilic colitis, inflammatory bowel disease (IBD), lymphoma,
x Angiodysplasia, eosinophilic colitis, lymphoma.
k Eosinophilic colitis, pseudomembranous colitis, cow’s milk allergy
{ There were 12 patients, three patients, and two patients with
deficiency anemia (IDA), and chronic diarrhea groups, respectively, so
patients with chronic diarrhea.
336 C.-T. Wu et alencountered etiology, followed by nonspecific colitis
(22.7%) and inflammatory bowel disease (IBD; 10.9%) (Table
2). Of the 47 patients with chronic abdominal pain, the
diagnostic yield was 68.1%, with nonspecific colitis (25.5%)
as the most common etiology. In 24 IDA patients, the
diagnostic yield was 66.7% and most cases were IBD (25%) or
cow’s milk allergy (25%). Among the 24 patients with
chronic diarrhea, the diagnostic yield was 79.2%, with IBD
(29.2%) as the most common etiology.
3.3. Characteristics of colorectal polyps
The clinical and colonoscopic characteristics of 39 patients
with colorectal polyps revealed a male predominance
(2.2:1) and a mean age of 6.1 years (Table 3). Thirty-six
(92.3%) of the 39 polyps were solitary, 36 were juvenile
polyps, and three were tubular adenoma. The most com-
mon location of the polyp was the colon (53.8%) above the
rectosigmoid portion, and 74.3% of patients presented with
LGIB. All polyps were removed by forceps or polypectomy
without significant bleeding or perforation.
4. Discussion
Except for data from the Pediatric Endoscopy Database
System-Clinical Outcomes Research Initiative, the current
report is the largest series of pediatric colonoscopy in thediagnostic yields.
Diagnostic yield Patient no. (%){
Polyp(s) 29 (26.4)
Nonspecific colitis 25 (22.7)
IBD 12 (10.9)
Othersy 19 (17.3)
Negative 25 (22.7)
Nonspecific colitis 12 (25.5)
Polyp(s) 2 (4.3)
Othersz 18 (38.3)
Negative 15 (31.9)
IBD 6 (25)
Cow’s milk allergy 6 (25)
Othersx 4 (16.7)
Negative 8 (33.3)
IBD 7 (29.2)
Nonspecific colitis 6 (25)
Othersk 6 (25)
Negative 5 (20.8)
e e
e e
e e
e e
hilic colitis, Henoch-Scho¨nlein purpura (HSP), cow’s milk allergy.
tuberculosis, HSP.
.
missing data in the lower gastrointestinal bleeding (LGIB), iron
we analyzed 110 patients with LGIB, 24 patients with IDA, and 24
Table 3 Clinical characteristics of the patients with
colorectal polyps (n Z 39).
Characteristics Patient no. (%)
Sex
Female:male 12 (30.8):27 (69.2)
Age (y)
Mean  SD 6.1  1.2
Polyps location
Rectosigmoid 17 (43.6)
Colon 21 (53.8)
Ileocecal valve 1 (2.6)
Number of polyps
Solitary 36 (92.3)
Multiple 3 (7.7)
Pathology
Juvenile polyp 36 (92.3)
Tubular adenoma 3 (7.7)
Symptoms and signs
Lower gastrointestinal bleeding 29 (74.3)
Recurrent intussusception 3 (7.7)
Prolapsed anal mass 3 (7.7)
Abdominal pain 2 (5.1)
Chronic diarrhea 1 (2.6)
Familial polyposis coli 1 (2.6)
Diagnostic pediatric colonoscopy 337literature in English.6 Colonoscopy is performed less
frequently in children than in adults because of difficulties
in preparation and sedation, which are usually needed in
children.6 In the report by Hassall et al,2 all 113 patients
received colonoscopy under either general anesthesia or
conscious sedation. By contrast, the present report shows
only 65% of the procedures involving conscious sedation.
This may be one of the reasons for the slightly lower success
rate of reaching the cecum or terminal ileum (77.5%) in the
present study compared to the series with full sedation
(84e97.6%).2,3,19 Another reason may be that while the
pathologic lesions identified in other images were reached,
the procedures were terminated in some patients before
the endoscope reached the cecum. Although the terminal
ileum approach is not necessary in each colonoscopy, pre-
vious study revealed that up to 85% of patients with Crohn’s
disease had a terminal ileum lesion, which was confirmed
using colonoscopy and ileum biopsy.20 Therefore, if IBD is
suspected or there are no lesions in the colon, the ileum
intubation is crucial in making a prompt diagnosis. As in
other reports, there are no major procedure-related com-
plications in the patients here.3,7 Minor complications like
cough with transient desaturation, intravenous fluid
extravasation, and occasional slight oozing after poly-
pectomy also occurred.
The most common indication for colonoscopy in this
study is LGIB. Chronic abdominal pain, IDA, and chronic
diarrhea are also common reasons for pediatric
colonoscopy.3e5,11 Moreover, this study highlights a new
indication for evaluating the lead points of recurrent
intussusception suspected from imaging studies. All (2
lymphomas and 2 polyps) were managed nonsurgically, with
good outcomes.
According to the endoscopic features and histology, a
conclusive diagnosis has been made in 75% of the patients.As in other reports from Asia, the two most common eti-
ologies are nonspecific colitis (23.4%) and colorectal polyp
(20.4%).3,7,21 However, there is a lower rate (8.3%) of IBD in
this study than that reported in The Netherlands.14
Furthermore, 6.7% of 192 children with indications for co-
lonoscopy have eosinophilic colitis (including cow’s milk
protein allergy).
The diagnostic yield of colonoscopy according to the
major indications is 77.3% in LGIB, 68.1% in chronic
abdominal pain, 66.7% in IDA, and 79.2% in chronic diar-
rhea. These results imply that LGIB (including colorectal
polyps, nonspecific colitis, and IBD) and chronic diarrhea
are alarming events for children who require further lower
gastrointestinal investigations. The results also show more
cases of colorectal polyps in children undergoing colonos-
copy compared to those of a report from the United
Kingdom (20.4% vs. 4.0%).12 Among patients with chronic
diarrhea, IBD is the leading etiology. El Mouzan et al7 re-
ported that pediatric patients with bloody diarrhea had a
high colonoscopic yield (91%) compared to those with only
chronic diarrhea (43%).7 In the present study, only two
patients with visible blood in their stools were categorized
into the chronic diarrhea group. One was diagnosed as
pseudomembranous colitis and the other eosinophilic colitis
pathologically.
In contrast to colonoscopy in adults with unexplained
IDA, which is highly recommended,22 the role of diag-
nostic colonoscopy in children with IDA is uncertain.
Esophagogastroduodenoscopy is generally applied in pe-
diatric patients with unexplained IDA because it is asso-
ciated with Helicobacter pylori infection.23 However, in
this study, H. pylori infection has been excluded in all of
the patients with IDA prior to colonoscopy. The diagnostic
yield of colonoscopy among these patients is 66.7%. This
indicates that colonoscopy is an appropriate examination
for evaluating children with unexplained IDA but without
H. pylori infection, especially IBD and cow’s milk protein
allergy.
As in the current report, the reported prevalence of
colon polyps in pediatric diagnostic colonoscopy in Asian
populations (20.3e20.5%) is higher than that in Western
populations (4.0e8.6%).5,12,15,24 Most reports showed that
80e90% of polyps were located at the rectosigmoid
colon.3,5 However, in this study, only 43.6% of the polyps
are at the rectosigmoid colon, which is similar to the report
by Gupta et al.24 Although most pediatric colon polyps are
juvenile polyps, some are potentially premalignant.25 This
highlights the importance of colonoscopy rather than
sigmoidoscopy for the diagnosis and treatment of pediatric
colon polyps.
A colonic pathology is not uncommon in pediatric pa-
tients. Children presenting with symptoms or signs of lower
gastrointestinal disorders should undergo colonoscopy to
obtain a definite diagnosis and prompt treatment. Pediatric
colonoscopy is a safe and effective procedure to detect
pathologic lesions of the lower gastrointestinal tract.Conflicts of interest
The authors have no conflicts of interest relevant to this
article.
338 C.-T. Wu et alReferences
1. Squires Jr RH, Colletti RB. Indications for pediatric gastroin-
testinal endoscopy: a medical position statement of the North
American Society of Pediatric Gastroenterology and Nutrition.
J Pediatr Gastroenterol Nutr 1996;23:107e10.
2. Hassall E, Barclay GN, Ament ME. Colonoscopy in childhood.
Pediatrics 1984;73:594e9.
3. Tam YH, Lee KH, Chan KW, Sihoe JD, Cheung ST, Mou JW. Co-
lonoscopy in Hong Kong Chinese children. World J Gastro-
enterol 2010;16:1119e22.
4. Kalaoui M, Radhakrishnan S, al Shamali M, Hasan F, al-Nakib B.
Findings of colonoscopy in children: experience from Kuwait. J
Trop Pediatr 1998;44:371e5.
5. Park JH. Role of colonoscopy in the diagnosis and treatment of
pediatric lower gastrointestinal disorders. Korean J Pediatr
2010;53:824e9.
6. Gilger MA, Gold BD. Pediatric endoscopy: new information
from the PEDS-CORI project. Curr Gastroenterol Rep 2005;7:
234e9.
7. El Mouzan MI, Al-Mofleh IA, Abdullah AM, Al Sanie AM, Al-
Rashed RS. Colonoscopy in children. Saudi J Gastroenterol
2005;11:35e9.
8. El-Mouzan MI, Abdullah AM. Yield of colonoscopy in children
with rectal bleeding. Saudi Med J 2004;25:998e1001.
9. Barnert J, Messmann H. Management of lower gastrointestinal
tract bleeding. Best Pract Res Clin Gastroenterol 2008;22:
295e312.
10. Ng WT, Kong CK. Argon plasma coagulation for blue rubber bleb
nevus syndrome in a female infant. Eur J Pediatr Surg 2003;13:
137e9.
11. Mudawi HM, El Tahir MA, Suleiman SH, Eltaybe NH, Gamer NM,
Abdallha FA, et al. Paediatric gastrointestinal endoscopy:
experience in a Sudanese university hospital. East Mediterr
Health J 2009;15:1027e31.
12. Latt TT, Nicholl R, Domizio P, Walker-Smith JA, Williams CB.
Rectal bleeding and polyps. Arch Dis Child 1993;69:144e7.
13. Hyer W, Beveridge I, Domizio P, Phillips R. Clinical manage-
ment and genetics of gastrointestinal polyps in children. J
Pediatr Gastroenterol Nutr 2000;31:469e79.14. de Ridder L, van Lingen AV, Taminiau JA, Benninga MA. Rectal
bleeding in children: endoscopic evaluation revisited. Eur J
Gastroenterol Hepatol 2007;19:317e20.
15. Thakkar K, Alsarraj A, Fong E, Holub JL, Gilger MA, El Serag HB.
Prevalence of colorectal polyps in pediatric colonoscopy. Dig
Dis Sci 2012;57:1050e5.
16. Hunter A,MamulaP. Bowel preparation for pediatric colonoscopy
procedures. J Pediatr Gastroenterol Nutr 2010;51:254e61.
17. Koh JL, Black DD, Leatherman IK, Harrison RD, Schmitz ML.
Experience with an anesthesiologist interventional model for
endoscopy in a pediatric hospital. J Pediatr Gastroenterol Nutr
2001;33:314e8.
18. Elitsur Y, Blankenship P, Lawrence Z. Propofol sedation for
endoscopic procedures in children. Endoscopy 2000;32:
788e91.
19. Kawamitsu T, Nagashima K, Tsuchiya H, Sugiyama T,
Ogasawara T, Cheng S. Pediatric total colonoscopy. J Pediatr
Surg 1989;24:371e4.
20. Batres LA, Maller ES, Ruchelli E, Mahboubi S, Baldassano RN.
Terminal ileum intubation in pediatric colonoscopy and diag-
nostic value of conventional small bowel contrast radiography
in pediatric inflammatory bowel disease. J Pediatr Gastro-
enterol Nutr 2002;35:320e3.
21. Thapa BR, Mehta S. Diagnostic and therapeutic colonoscopy in
children: experience from a pediatric gastroenterology centre
in India. Indian Pediatr 1991;28:383e9.
22. Peytremann-Bridevaux I, Arditi C, Froehlich F, O’Malley J,
Fairclough P, Le Moine O, et al. Appropriateness of colonoscopy
in Europe (EPAGE II). Iron-deficiency anemia and hema-
tochezia. Endoscopy 2009;41:227e33.
23. Huang SC, Yang YJ, Cheng CN, Chen JS, Lin CH. The etiology
and treatment outcome of iron deficiency and iron deficiency
anemia in children. J Pediatr Hematol Oncol 2010;32:282e5.
24. Gupta SK, Fitzgerald JF, Croffie JM, Chong SK, Pfefferkorn MC,
Davis MM, et al. Experience with juvenile polyps in North
American children: the need for pancolonoscopy. Am J Gas-
troenterol 2001;96:1695e7.
25. Lee HJ, Lee JH, Lee JS, Choe YH. Is colonoscopy necessary in
children suspected of having colonic polyps? Gut Liver 2010;4:
326e31.
